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Abstract—The aim of this paper is to compare the complexity 
of three simple sort algorithm; selection sort algorithm, bubble 
sort algorithm, and insertion sort algorithm. The measurement of 
the complexity is based on control flow structure and time 
processing. The control flow structure is illustrated into 
flowgraph and measured by number of out-degree and number 
of in-degree. The algorithm is coded in C programming language. 
The sorting experiment uses four data sets: 100,000 random 
words, 50,000 random words, 100,000 random integer numbers, 
and 50,000 random integer numbers to measure the time 
processing. The result of the measurement explains that the 
bubble sort algorithm has the complexity more than others. 
Keywords—measurement; sorting; flowgraph; 
I.  INTRODUCTION 
Sorting is a process to sort the data based on pre-defined 
primary key. Data that have been ordered is used to simplify 
the search process. There are three simple sorting algorithms 
commonly used in computer programming, selection sort, 
bubble sort, and insertion sort [1].  
The three simple sorting algorithms always introduced to 
beginner learner of sorting. These algorithms help the learner 
to understand mechanism of sorting [2][3][4]. These algorithms 
are appropriate to be implemented in set of data with small 
numbers. 
Most people choose a sorting algorithm based on the ease 
of understanding the logic algorithm. People tend to avoid 
complex sorting algorithms. This paper will discuss the 
comparison of the complexity of the three simple sorting 
algorithms. The complexity is measured based on control flow 
structure of the algorithm by using flowgraph and time 
processing. There are three parameters to be measured, the 
number of out-degree, the number of in-degree, and time 
processing.  
We code the sorting algorithms using C programming 
language and illustrate the algorithm into flowgraph. Moreover, 
we determine the number of out-degree and the number of in-
degree to measure the complexity based on control flow 
structure. The algorithms result same number of out-degree and 
same number of in-degree, however number of the node is 
different. The selection sort algorithm and the bubble sort 
algorithm have number of the node more than the insertion sort 
algorithm. We experiment the algorithms using four sets data: 
100,000 random words, 50,000 random words, 100,000 
random integer numbers, and 50,000 random integer numbers 
to obtain the time processing of each algorithm. The result 
explains that bubble sort algorithm has the longest time 
processing. Comparing the result of the complexity based on 
control structure and result of time processing, the conclusion 
is bubble sort algorithm has the complexity more than others. 
II. KEY TERMS 
A. Selection Sort 
Selection sort is the one of the simplest and easiest sorting 
algorithm. It is appropriate to be used with small number of 
data set. The algorithm in pseudo code is shown below [5]: 
 
SelectionSort(Data,numbers) 
For i  numbers-1 To 0 
 Index 0 
 For j  1 To numbers-1 
  If (Data(j) >Data(Index)) 
   Index  j 
 Large Data(Index) 
 Data(Index)  Data(i) 
 Data(i) Large 
 
The algorithm selects the largest data or the smallest data to 
be allocated starting on the first position or the last position. 
The step is repeated for the rest of data until all of data are 
processed. 
 
B. Bubble Sort 
Bubble sort is a sorting algorithm that is easy to 
understand. The algorithm in pseudo code is shown below [6]: 
 
BubbleSort(Data,numbers) 
For j numbers-1 To 1 
 For k  0 To j-1 
 If (Data(k+1) <Data(k) 
  temp = Data(k+1) 
  Data(k+1) Data(k) 
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  Data(k)  temp 
 
The algorithm uses bubble principle which moves the 
smallest or the largest data from the bottom position to the top 
position. The steps are comparing and swapping the two 
neighboring data therefore the algorithm is known as exchange 
sort algorithm. 
 
C. Insertion Sort 
Insertion sort is also one of easiest and oldest sorting 
algorithm. It is most useful sorting algorithm for dealing with 
modicum of dataset. The algorithm in pseudo code is shown 
below [7]: 
 
InsertionSort(Data,numbers) 
For i  1 To numbers-1 
 temp Data(i) 
 j i-1 
 While (j >= 0 and temp <Data(j)) 
 Data(j+1)  Data(j) 
 j j-1 
Data(j+1)  temp 
ii+1 
 
The algorithm inserts the data on the suitable position. The 
step is repeated started from the second data until the last data. 
 
D. Flowgraph 
A flowgraph is a directed graph from the start node to the 
stop node. Fig. 1 shows those flowgraphs that consists of the 
basic control constructs in essential language programming 
[8]. 
 
Fig. 1. Common Flowgraphs from Program Structure Models [8] 
 
Meanwhile, there are three basic structures in 
programming languages, namely sequential, selection and 
repetition. In fig. 1, Pn forms describe the sequential control 
structures in flowgraph, while the selection control structure 
depicted in the form of D0, D1, and Cn. For repetition is 
described in the form of D2 and D3. 
 
III. METHODS 
The approach is to measure the complexity consists of 
three steps: coding the sorting algorithm in C programming 
language, illustrate the algorithm into flowgraph and measure 
the complexity. 
A. Coding in C programming language 
The code of the algorithm using C programming language. 
C programming language is used since it is more flexible and 
common used in programming [9].  
B. Illustrate the algorithm into flowgraph 
Furthermore, each sort algorithm is illustrated become 
flowgraph. There is combination of the basic control structure 
of flowgraph to illustrate the algorithm completely. Moreover, 
the nodes of the flowgraphs is verified.   
C. Measure the complexity 
The variables of measurement are determined to measure 
the complexity of the control flow structure. There are three 
variables of measurement; the number of out-degree and the 
number of in-degree, and time processing. We obtain the 
number of out-degree based on number of arcs that leave the 
node and number of in-degree based on number of arcs that 
arriving at the node [10]. Time processing is measured based 
on time consuming to sort 100,000 number of data and 50,000 
number of data. 
D. Data Set 
There are two kinds type of random data: string data and 
integer number. The string data consists of variety of length of 
characters. Meanwhile the integer number consists of positive 
number. Therefore, there are four sets of data: 100,000 random 
words in string, 50,000 random words in string, 100,000 
random integer numbers and 50,000 random integer numbers. 
The random data is stored in MySql database. Each sort 
algorithm processes the same four of data sets. The start time 
and the end time of each sorting algorithm process is recorded 
in a file as a report. 
 
IV. RESULT AND DISCUSSION 
C programming language is used to code the selection sort 
algorithm. There are two loops using “while” loop and one 
selection using “if” to select the smallest or the largest 
number. The first loop repeats n times minus one which n is 
the number of data that is sorted. The second loop is used to 
process the smallest or the largest number searching.  
 
Selection_Sort_Algortihm(X,n) 
(1) i = 0;
(2) while(i<n-1)
{
(3) index = i;
(4) j = i+1;
(5) while(j<n)
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 { 
(6) if(X[j]<X[index]) 
(7) index = j 
(8) j++; 
 } 
(9) temp = X[index]; 
(10) X[index] = X[i]; 
(11) X[i] = temp; 
(12) i++; 
 } 
 
Fig. 2 shows the illustration of the algorithm into 
flowgraph. There are twelve nodes that represent twelve 
instructions of the algorithm. The second node and the fifth 
node represent “while” loop of the algorithm. The sixth node 
represents “if” selection of the algorithm. 
 
 
 
 
 
Fig. 2. Flowgraph of Selection Sort Algorithm 
 
The bubble sort algorithm in C programming language is 
below: 
 
Bubble_Sort_Algortihm(X,n) 
(1) i = n-1; 
(2) while(i>=1) 
 { 
(3) j = 0; 
(4) while(j<=i-1) 
  { 
(5) if(X[j+1]<X[j]) 
   { 
(6) temp = X[j+1]; 
(7) X[j+1] = X[j]; 
(8) X[j] = temp; 
   } 
(9) j++; 
 } 
(10) i--; 
 } 
 
Similar to selection sort algorithm, there are two loops 
using “while” loop and one selection using “if” selection in 
bubble sort algorithm. The first loop repeats n times minus one 
which n is the number of data that is sorted. “if” selection is 
used to compare the two neighboring data. 
Fig. 3 shows the illustration of the bubble sort algorithm 
into flowgraph. There are ten nodes that represent ten 
instructions of the algorithm. The second node and the fourth 
node represent “while” loop of the algorithm. The fifth node 
represents “if” selection of the algorithm. 
 
 
 
 
 
 
Fig. 3. Flowgraph of Bubble Sort Algorithm 
 
The insertion sort algorithm in C programming language 
shows below. There are only two loops using “while” loop. 
The first loop repeats n times minus one which n is the 
number of data and the second loop repeats the movement of 
the data. 
 
Insertion_Sort_Algortihm(X,n) 
(1) i = 1;
(2) while(i<n)
{
(3) temp = X[i];
(4) j = i-1;
(5) while((j>=0)&&(temp<X[j])) 
{
(6) X[j+1] = X[j];
(7) j--;
}
(8) X[j+1] = temp;
(9) i++;
}
 
The fig. 4 shows the illustration of the insertion algorithm 
into flowgraph. There are nine nodes represents nine 
instructions of the algorithm. The second node and the fifth 
node represent the “while” loop of the algorithm.  
 
 
 
 
 
 
Fig. 4. Flowgraph of Insertion Sort Algorithm 
 
Furthermore, based on the flowgraphs, we measure the 
complexity of the control flow structure. There are three 
parameters to be measured; the number of out-degree and the 
number of in-degree, and time processing. Each flowgraph is 
changed into path structure to determine the number of out-
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degree and the number of in-degree. The path structure is 
shown in table I. 
 
TABLE I.  PATH STRUCTURE OF THE FLOWGRAPH 
Function 
Sort 
Path 
no Path 
Selection 1 
<(1),(2)>,<(2),(3)>,<(3),(4)>,<(4),(5)>,<(5),(6)>,
<(6),(7)>,<(7),(8)>,<(8),(5)>,<(5),(9)>,<(9),(10)>, 
<(10),(11)>,<(11),(12)>,<(12),(2)> 
Selection 2 
<(1),(2)>,<(2),(3)>,<(3),(4)>,<(4),(5)>,<(5),(6)>,
<(6),(8)>,<(8),(5)>,<(5),(9)>,<(9),(10)>, 
<(10),(11)>,<(11),(12)>,<(12),(2)> 
Bubble 1 
<(1),(2)>,<(2),(3)>,<(3),(4)>,<(4),(5)>,<(5),(6)>,
<(6),(7)>,<(7),(8)>,<(8),(9)>,<(9),(4)>,<(4),(10)>, 
<(10),(2)> 
Bubble 2 
<(1),(2)>,<(2),(3)>,<(3),(4)>,<(4),(5)>,<(5),(9)>, 
<(9),(4)>,<(4),(10)>,<(10),(2)> 
Insertion 1 
<(1),(2)>,<(2),(3)>,<(3),(4)>,<(4),(5)>,<(5),(6)>, 
<(6),(7)>,<(7),(5)>,<(5),(8)>,<(8),(9)>,<(9),(2)> 
 
The selection sort algorithm and the bubble sort algorithm 
have two path structures of the flowgraph since the both of the 
algorithm have the selection structure. In this case, we 
determine the number based on the maximum number of out-
degree and in-degree. The summarization of three algorithms 
is shown in table II. 
TABLE II.  THE SUMMARIZATION OF NUMBER OF OUT-DEGREE 
AND NUMBER OF IN-DEGREE 
Sort 
Algorithm 
Number of out-degree Number of in-degree 
Max Node Max Node 
Selection 2 3 (2),(5),(6) 2 3 (2),(5),(8) 
Bubble 2 3 (2),(4),(5) 2 3 (2),(4),(9) 
Insertion 2 2 (2),(5) 2 2 (2),(5) 
 
Table II shows all of the sort algorithms have the same 
number of out-degree and same number of in-degree. 
However, the number of nodes of out-degree and the number 
of nodes of in-degree of the selection sort algorithm and the 
bubble sort algorithm more than insertion sort algorithm. The 
selection sort algorithm and the bubble sort algorithm have 
three nodes for each measurement. It means the selection sort 
algorithm and the bubble sort algorithm are more complex 
than the insertion algorithm.  
The algorithm by experiment with four sets data to obtain 
the performance of the time processing of the algorithms is 
evaluated. The first set data consists of 100,000 random 
words, the second set data consists of 50,000 random words, 
the third set data consists of 100,000 random integer numbers 
and the fourth set data consists of 50,000 random integer 
numbers. The start time and the end time of the processing for 
each algorithm processing is recorded. Fig. 5 is the graphic to 
show the performance of the time processing in seconds for 
first set data and second set data. The graphic shows 
consistency of time processing of bubble sort algorithm is the 
highest among of three algorithms. 
 
 
Fig. 5. The Performance of the Time Processing for Set Data 1 and Set Data 2 
 
Fig. 6 shows the performance of the time processing in 
seconds for third set data and fourth set data. The graphic also 
shows consistency of time processing of bubble sort algorithm 
is the highest rather than others. 
 
 
Fig. 6. The Performance of the Time Processing for Set Data 3 and Set Data 4 
 
The result shows that the bubble sort algorithm has the 
longest time processing and occurs in all experiments. There is 
the difference result of time processing of selection sort and 
insertion sort between set data of integer numbers and set data 
of words. In the set data of integer numbers, the time 
processing of the selection sort algorithm much longer than 
the insertion sort algorithm. However, in the set data of words, 
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the time processing of the insertion sort algorithm much 
longer than the selection sort algorithm. It is influenced by 
programming language that is used. In C programming 
language, to manipulate a string is used the function of C 
library and it takes more time processing than to manipulate an 
integer number. Since the insertion sort algorithm uses moving 
mechanism, therefore the time processing of the insertion sort 
algorithm much longer than the selection sort algorithm. 
However, according to the complexity of control structure and 
time processing, the bubble sort algorithm is the most complex 
of the three algorithms. 
 
V. CONCLUSION 
The result of the evaluation based on the variables of 
measurement, the three sort algorithms: selection sort, bubble 
sort, and insertion sort have similar number of out-degree and 
number of in-degree. However, there is a difference in number 
of node. The selection sort algorithm and the bubble sort 
algorithm have number of node more than the insertion sort 
algorithm. It explains the complexity of the control structure of 
the selection sort algorithm and the bubble sort algorithm is 
more than the insertion sort algorithm. The result of the sorting 
experiment using the four data sets explains that the bubble sort 
algorithm has the longest time. Comparing the result of the 
complexity based on control structure and result of time 
processing, the conclusion is bubble sort algorithm has the 
complexity more than others. 
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